A simple versatile developed spectrophotometric method for the determination of vanadium (V) 
INTRODUCTION
Vanadium is a naturally occurring trace element with several valences; 3, 4, or 5 in nature and, found as oxides or combined with other elements, where it forms more than 40 minerals in the plateau ores. It has great industrial, biological, and pharmacological importance. Vanadium foil is used in cladding titanium to steel (1) , the moderated thermal neutron-capture cross section and the short half life of the isotope produced by neutron capture makes vanadium a suitable material for the inner structure of fusion reactor (2) . Vanadium pentoxide is used in several industries; as catalyst in manufacturing sulfuric acid (3) in ceramics (4) , VO 2 is used in production of glass coating (5) and the vanadate can be used for protecting steel against rust (6) . Vanadium is also an essential element for normal growing cell, essential component of some enzymes and vanadium complex can reduce growth of cancer cells but can be toxic when present in higher concentrations where its toxicity depends on its oxidation state (7) .
In view of crucial role in different fields, it is necessary to develop several sensitive analytical procedures for the determination of trace amount of vanadium. The procedures include high performance gravimetry, (8) inductively coupled plasma optical emission spectroscopy (ICP-OES)
, atomic absorption spectrometry (FAAS), (10, 11) colorimetric (12) , chromatography (13) and X-ray fluorescence spectroscopy (XRF) (14) , however, the relatively high instrumental cost and the need for preconcentration, chromatographic separation, extraction or coprecipitation are common disadvantages.
Although these techniques are sensitive, expensive and time consuming. Many of these procedures are complicated and involve preliminary isolation and preconcentration procedures.
Several spectrophotometric methods were reported for the determination of vanadium in environmental, biological and rock samples using different reagents such as, variamine blue (15) , cryamine R , 6-chloro-3-hydroxy-7-methyl-2-(2-thieny)-4H-chromen-4-one (18) ,1-(2-quinolylazo) -2,4,5-trihydroxy-benzene,
, phosphorrtungstate (21) , benzyl acetate (22) , pyrogallol (23) and tannic acid (24) . Alizarin red S was used for spectrofluorimetric determination of vanadium in presence of hexadecyl trimethyl ammonium at pH 7.7, the fluorescence was monitored at 607 nm with excitation at 505 nm and measure vanadium in sea water after treatment with oxine.
(25)
Alizarin red S was also used for the determination of vanadium in alloys and water samples in presence of Tween 80 at pH5.5 and the absorbance measure at 500 nm . Determination of vanadium in rocks necessitates a separation process or using masking agents before determination to overcome the interfering effect of other elements.
In the present work, a versatile, rapid, simple and selective spectrophotometric method for the determination of vanadium using alizarin red S as a chromogenic dye without prior separation using either solvent extraction, ion exchange, solid phase extraction or using masking agents was studied. The factors affecting optimum complex formation such as pH, concentration of dye, buffer, contact time, detection limit. The effect of interfering ions were also studied and then applied on different types of geological and certified rock samples and was treated to overcome the interfering effect by a simple precipitation method.
II. EXPERIMENTAL
All reagents in the different studied experiments in the present work were analytical grade and chemical pure reagents.
A double beam UV-Visible spectrophotometer model Shimadzu, UV-1601 spectrophotometer equipped with 1 cm cell path length was used for all absorbance measurements. A pH meter model Jenway 3510, England, was applied satisfactorily and calibrated daily using two successive buffer solutions (pH 4 and 7 or 7 and 10).
Preparation of alizarin red S dye

-3
M of alizarin red S dye was prepared by dissolving 0.0085 g in double distilled water and completed in 25 ml volumetric flask.
Preparation of sodium acetate
0.2 M sodium acetate was prepared by dissolving 2.72 gm sodium acetate trihydrate with double distilled water in100 ml volumetric flask.
Preparation of buffer pH 4
To 9 ml of 0.2 M sodium acetate, 41 ml of 0.2 M acetic acid were added and then completed in 100 ml volumetric flask with double distilled water.
Preparation of different acid concentrations
Different acids were prepared (10 -2 M) from HCl, H 2 SO 4 , HNO 3 , and HClO 4 where different aliquots were withdrawn (with different concentrations) to find out their tolerance limits (as anions) on vanadium alizarin red S complex formation. 
Preparation of different concomitant concentrations
Preparation of vanadium (V) solution
A stock solution of 1000 ppm vanadium (V) was prepared by dissolving 2.34g of ammonium metavanadate dissolved in 100ml of slightly acidic nitric acid solution then completed to 1 liter with double distilled water. Proper dilutions were performed for the different factors studied.
Preparation of 1%(w/v) ammonium chloride
Dissolve 1 gm of ammonium chloride in double distilled water and complete the volume in 100 ml volumetric flask.
Recommended procedure
In 10 ml volumetric flask, a standard solution containing not more than 2 µg ml -1 vanadium, 2 ml from 10 -3 M of alizarin red S dye and 1 ml from buffer pH 4 were added and the mixture was diluted to the mark with double distilled water where the absorbance of the complex in a 1 cm cuvettes against a proper blank (at 483 nm) was measured.
RESULTS AND DISCUSSION
The factors affecting the formation of complex between alizarin red S and vanadium were optimized. These factors includes pH of dye, formation of complex, concentration of dye, molar ratio, surfactant, duration time, calibration curve and the tolerance limits of various interfering ions.
Effect of pH on the absorption spectrum of alizarin red S (ARS) dye
The absorption spectra of 10 -3 M alizarin red S dye was studied at different pH values from 1-6 using diluted ammonia and nitric acid. 
Effect of pH on the complex formed between vanadium and ARS
The absorption value of V-ARS complex was studied by measuring the pH of complex during addition of acid in the range from 1-6, where 1 ml of vanadium solution (containing not more than 2 µg ml -1 ) and 1 ml dye (10 -3 M)
were mixed and completed with distilled water to 10 ml volumetric flask and absorbance was measured. Figure ( 2) indicated the formation of complex at pH 3-5.5 where maximum absorption occurred at 473.5 nm. Figures (1,2) showed a shift of wavelength from 421 nm to 483 nm which proved the formation of complex. 
Effect of optimum of buffer solution
To keep the pH of complex constant a buffer solution was prepared and its suitable volume was determined by the addition of various volumes of buffer solution. The results shown in Table ( 1), indicated that 1ml from buffer pH 4 was suitable for maintaining the pH of the solution to the proper pH value at λ max 483 nm. 
Effect of ARS dye concentration
The optimum concentration of alizarin red S dye was studied by recording the maximum absorbance of complex using different volumes from 10 -3 M dye with 1ml from 20 µg ml -1 vanadium and 1 ml from buffer pH 4. Figure  ( 3) indicated that the optimum alizarin dye concentration was 2ml from10 -3 M stock dye solution. 
Effect of surfactant on the absorbance
The effect of adding surfactant was studied where it has the ability to raise the absorbance values of the complex (refer.) hence increasing the molar absorptivity value where in accordance increases the sensitivity of the method for determination. A series of tests using different values from 10 -4 M cetyl trimethyl ammonium bromide (CTAB) and 10 -4 of cetylpyridimuim chloride (CPC) were used. From Table ( 2) it indicated that surfactants have negative effect on the absorbance values. 
Effect of sequence of addition
It was necessary to optimize the sequence of addition of the complex species that gives the optimum absorbance value; in this manner a series of four different sequences of additions were studied at the optimum previously studied factors for complex formation. It was found from Table (3) that the optimum sequence was the addition of vanadium, dye and buffer or dye, buffer and vanadium which recorded maximum absorption values. 
Effect of time on the formation and stability of the complex
The effect of duration time on the formation and stability of the studied vanadium complex was studied by measuring the absorbance of vanadium-alizarin red S complex under the optimum conditions previously studied with time interval. It was found from Table (4) that the complex was formed after 5 minutes and was stable for 2 hours after which the complex began to dissociate. 
Stoichiometric ratio of Vanadium : Alizarin red S complex
In the present work, the composition of complex under the optimized operating conditions was studied by using the continuous variation method. The method was applied to investigate the metal to dye ratio. Figure (4) showed that from the obtained results the optimum complex ratio suggested was 1:1.5 vanadium -alizarin red S. 
Figure (5): The working calibration curve of vanadium alizarin red S complex
The analytical parameters pertaining to the proposed method were given in Table (5) . From data shown, it indicated that the method is precise and accurate, where seven replicate measurements were used to estimate the % RSD and % error. 
Effect of diverse ions
The effect of various amounts of concomitant ions on the selectivity of the spectrophotometric determination of vanadiumalizarin red S complex was studied using 3 µgml -1 vanadium at the optimum reached conditions; 2 ml of alizarin red S and 1 ml acetate buffer solution pH 4 in 10 -2 M HCl. Data represented in Table (7) indicated the maximum concentration limits above which interference occurs.
Application of the optimized method on several geological samples
After optimizing several factors for the spectrophotometric method of vanadium determination using alizarin red S dye, it was applied on different rock types bearing vanadium namely; black shale, black chert, standard phosphate and standard basalt. Black shale and black chert, from Quseir area, Eastern Desert, Egypt were analyzed for major and trace elements by inductively coupled plasmamass spectrometry (ICP-MS) in Achme laboratories of Vancouver, Canada. The results of chemical analysis of the selected rocks were represented in Table (8) .
From Table ( 
Concentration of vanadium (ppm)
Absorbance (ppm) in presence of high concentrations of major oxide values. When using masking agents as ethylene diamine tetra acetic acid (EDTA), cyclohexane diamine tetraacetic acid (CDTA) or NaF the absorbance values were drastically decreased and not all interference from several other ions was solved due to the high values of major oxide elements. To overcome this problem the major oxides must be separated by a selective precipitation method, as follows: The sample was decomposed by using acidic mixture (0.5 gm of sample + 20 ml hydrofluoric acid + 10 sulfuric acid + 6ml perchloric acid) and heated till terminating all acidic fumes and the residue was dissolved in 10 ml 5M hydrochloric acid and up to volume in 25 ml volumetric flask with doubled distilled water, to convert all oxidation state of vanadium to pentavalent state. -The filtrate was evaporated on hot plate till near dryness then dissolved in 10 ml 10 -2 M hydrochloric acid.
-An aliquot of 1ml was taken with 2 ml of ARS dye and 1ml acetate buffer then up to volume in 10 ml volumetric flask and measure the absorbance at λ max 483 nm.
The method was applied successfully on all types of the selected studied samples and the results were gathered and shown in Table (9). It indicated that the developed alizarin red S method was very close to the true values which referred that the precipitation method has overcome the interference effect in different types of rock samples with different matrices. 
CONCLUSIONS
The developed alizarin red S method used for vanadium determination in different bearing rocks with variable concentrations of vanadium after separation of interfering ions by precipitation with ammonia and ammonium chloride was proposed in the present work. The developed method was reasonable, simple and selective for determination of vanadium in different rock samples with variable matrices.
